A method for studying the growth and migration of myxomycete plasmodia on the surface of agar and other gels was devised. The migration rate of plasmodia of Physarum polycephalum was greatly reduced when nutrients that permit rapid growth were present, and slightly reduced by most sugars tested at 56 mM, including some that were not utilized. The carbohydrate requirement of the myxomycete could be satisfied by a range of sugars and derivatives, including mannitol and agar, utilization of the latter being slight but definite. Fructose could be utilized as long as it was not the sole carbohydrate present.
Vertical bars represent the standard errors.
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All experiments were carried out at 24 "C in the dark and aseptic methods were used throughout. Migration experimonts. Polypropylene trays, each with 20 grooves (10 mm deep x 16 mm wide x 400 mm long), were sterilized by steam in the presence of glutaraldehyde vapour (Dodd et al., 1974) and their plateglass tops were flame-sterilized with ethanol in a laminar flow cabinet. The grooves in the trays were filled with molten medium to a depth of 5 mm to provide tracks for migration which, when the medium had gelled, were inoculated at one end. Well nourished inocula were obtained from the margin of large plasmodia (3 to 5 d-old and 100 to 200 mm diam.) growing on 5 mm deep SVP 1 % starch agar in 250 x 250 mm bioassay dishes; plugs of agar bearing plasmodium were cut with a 15 mm diam. corkborer. The large plasmodia were obtained by inoculation with plugs cut from a Petri dish culture, itself inoculated with microplasmodia pipetted from liquid culture. When inocula on SVP agar were required, plugs from the large plasmodia were placed at the ends of SVP agar tracks, allowed to migrate for 150 to 200 mm, and then 15 mm diam. plugs were cut from the advancing margins of the plasmodia. Starved plasmodia were produced by centrifuging (220g, 1 min) a liquid culture at maximum growth and pipetting the pellet evenly on to 20 pieces of Whatman no. 1 filter paper, which were then placed at the end of water agar tracks. The microplasmodia on each track fused overnight to give single plasmodia; 15 h after inoculation these were migrating at about 10 mm h-I. Migration was recorded by tracing the outlines of the plasmodia1 fronts on to the glass tray tops in black ink and photographing to provide a permanent record. Preliminary experiments had indicated that the intermittent dim light necessary for recording did not detectably influence migration. The distance migrated was taken as that from the front edge of the inoculum site to the most advanced point on the migrating plasmodium.
To estimate growth, plasmodia were floated off the tracks with distilled water or, when media containing salts were used, with 50 mM-phosphate buffer. Plasmodia were then dried at 110 "C for 15 h and weighed. Except where otherwise indicated, statistical procedures were from Snedecor & Cochran (1974), the results of different treatments on growth and migration being compared by means of Student's t-test.
R E S U L T S

Migration and growth on nutrient media gelled with agar
Twenty tracks of SVP agar and 20 of SVP 1 yo glucose agar were inoculated with plasmodia on SVP 1 yo starch agar plugs. Migration rates on both media gradually increased, but did so less rapidly in the presence of glucose than in its absence (Fig. 1) . A similar experiment in which plasmodia were harvested at intervals showed increases in dry weight; these were larger in the presence of glucose than in its absence. It was concluded that there is probably a roughly exponential increase in both dry weight and migration rate with time. The relationship between the dry weights of the individual plasmodia and the distance that they had migrated was linear (Fig. 2) , implying that there was a uniform increment in growth per unit of distance migrated. This linear relationship was to be expected, since the advance of a plasmodium over a unit distance brings it into contact with a corresponding volume of medium. Hence the dry weight of plasmodium per mm migrated will be used as a measure of growth (pg mm-l).
Agar and agdrose as carbohydrate sources f o r P. pofycephafum
In SVP liquid medium P. pofycephalum requires a carbohydrate to support growth (Carlile, 1970) , whereas the above experiment established that growth occurs on SVP agar without added carbohydrate. Hence either carbohydrates are not required in surface culture, or agar, used as a gelling agent, is providing adequate carbohydrate to support growth. Experiments were therefore carried out with SVP and SVP 1 % glucose media gelled with agar and with silica. With SVP 1 yo glucose, the migration rates and growth on media gelled with agar and with silica were similar, hence silica gels do not interfere with migration or growth of well nourished plasmodia. On SVP media, however, growth and migration occurred with agar as a gelling agent, but with silica there was no growth and plasmodia turned into sclerotia after limited and irregular migration. Hence agar was acting as a carbohydrate source.
Agar has two main components, agarose and agaropectin (Araki, 1966) . Since agarose is the simpler component, and is commercially available, experiments were carried out to determine the effectiveness of agarose compared with agar in supporting growth. Agarose constitutes about one-half of the dry weight of agar and is largely responsible for gelling; 1 % agarose was therefore compared with 2 yo agar so that agarose content and gel strength were similar. Double strength media and gelling agents were autoclaved separately to minimize the possibility of acid hydrolysis of the gelling agent, and the agarose was of high purity (Grade 1, International Enzymes Ltd, Windsor, Berks). The growth on agar tracks was 75 pg mm-1 and on agarose 71 pg mm-l, with similar migration rates. Hence the ability of agar to support growth is due to partial utilization of the agarose component and not to contaminating carbohydrates.
To establish what concentration of glucose is equivalent to 20/, agar in its effect, SVP media with various concentrations of glucose were prepared and gelled with silica. With glucose absent or at 0.01, 0.02 or o.04y0, migration did not occur or was limited or irregular. With 0 . 0 5~0 glucose, the migration rate was similar to that on SVP agar without added glucose, as was growth: SVP plus 0.05 yo glucose silica, 79 pg mm-l; SVP agar, 72 pg mm-l. At higher glucose concentrations growth was greater and migration rates were lower. Hence 0-05 yo glucose supports growth and migration rates similar to those obtained with 2% agar in the absence of added carbohydrate. Fig. 2 from 20 plasmodia harvested at intervals throughout the experiment. Fig. 4 . Effect of salts, vitamins and peptone (SVP) at various concentrations from standard SVP agar (100 %) to water agar (0 %) on migration (0) and growth (a). The concentration of agar, the sole carbohydrate source, was 2%. Plasmodia migrating on water agar were transferred to the experimental media and the migration rate from 1 to 6 h after transfer was measured and expressed as a percentage of the migration rate in the 4 h before transfer; each point is based on five replicates, vertical bars indicate standard errors. The migration rate on SVP 1 % glucose agar is also included (ci). The mean dry weights of sets of plasmodia that had migrated 200 to 300 mm were recorded, and the mean dry weights of a control set harvested at the time of transfer were deducted. The growth value, obtained by dividing the mean corrected dry weight by the post-transfer migration distance, is expressed as a percentage of that on standard SVP agar.
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Relationshl'p between migration and growth at various nutrient concentrations
Tracks of SVP agar containing glucose at various concentrations were inoculated with SVP 1 yo starch agar plugs bearing plasmodia. Growth was estimated by regression analysis as in Fig. 2 and migration was assessed by comparing the distances moved after 50 h.
Glucose at concentrations greater than 0.05 yo caused major increases in growth and reduction in migration rate (Fig. 3) .
Although the migration rate on SVP agar was high compared with that on SVP 1% glucose agar, it was low compared with that on water agar. Examination of the effect on migration and growth of SVP added at various concentrations to water agar (Fig. 4) indicated that the addition of other nutrients as well as carbohydrates resulted in an increase in growth and a depression of migration.
Eflect of sugars other than glucose on growth and migration
The ability of a variety of sugars and derivatives when added at 56 mM to SVP agar to support growth and influence migration was examined ( Table 1) . The effectiveness of mannitol in supporting growth was unexpected, since at high concentration it induced sclerotium formation (Chet & Rusch, 1969) and was assumed to be non-metabolizable by myxomycetes ; experiments with liquid cultures, however, confirmed that it could support growth ( Table 2 ). The ability of fructose to enhance growth on agar media was also unexpected, since Carlile (1970) found that fructose did not support growth when added to liquid media. However, further experiments with liquid cultures established that fructose was utilized and enhanced growth if glucose was present but was not utilized when it was the sole carbohydrate (Table 3) ; although only a small proportion of the fructose was utilized, yields in mg dry weight per mg carbohydrate consumed were similar for glucose (1-1) and fructose (1.2). This finding resolves controversy (Carlile, 1970) as to whether Mean growth values were calculated by regression analysis from data plotted as in Fig. 2 . The values in this column were obtained after subtracting the control values. The significance of the difference (%) from that obtained with SVP agar, indicated in parentheses, was obtained by a test in which the ratio of the difference between the experimental and control values to their pooled standard error was compared to a t variable (Moore & Edwards, 1965) . NS indicates not significant at 10 % level.
$ Migration inhibition is based on comparison of the distances migrated in 50 h by experimental and control plasmodia. The significance of the difference (%), obtained by the t test, is indicated in parentheses. NS indicates not significant at 10 % level. Table 2 . Growth of microplasmodia on mannitol
Erlenmeyer flasks (500 ml) containing 50 ml media each received a 2.5 ml inoculum from cultures at maximum growth on SVP 1 % glucose, and were shaken at 200 rev. min-l, radius of gyration 45 mm. The basal medium was SVP liquid, and the experimental flasks contained in addition 56 mM mannitol or glucose. After 4 d incubation, microplasmodia were harvested by centrifuging (2500 g , 5 min), dried at 110 "C for 15 h and weighed. fructose will support growth in myxomycetes, and explains fructose-enhanced growth on agar media, where agarose will be substituting for glucose. Growth did not occur in shaken liquid cultures of SVP medium supplemented with 56 mM-methyl-ol-D-ghcoside or with 56 m~-2-deoxy-~-glucose ; estimations of these compounds by gas-liquid chromatography of their silyl derivatives (Sweeley et al., 1963) showed that they had not been utilized.
D I S C U S S I O N Daniel (1964) stated that media able to support rapid growth depress migration; this has been confirmed. The mechanism by which growth promotion wholly or partially suppresses migration is unknown, but the response is clearly an appropriate one, causing the organism to remain at a site until nutrients are exhausted. Depression of migration rate can also be brought about on SVP agar by some sugars, such as sucrose and sorbose at 56 mM, which support little or no growth. This is probably due to the osmotic effects of the sugars, as was concluded by Denbo & Miller (1976) for sucrose solutions with concentrations greater than 100 m-osmol. Leyrand et al. (1972) demonstrated osmotic effects on plasmodia with sucrose solutions as low as 25 m-osmol, and considered how osmotic pressure could influence locomotion. We have shown that various compounds at 56 mM, all of which produce similar external osmotic pressures, differ in the extent to which they depress migration, with some, such as methyl-a-D-glucoside, having no significant effect at this concentration. Leyrand et al. (1972) found, however, that with sucrose concentrations of up to 100 m-osmol complete adaptation occurred within 1 h, such recovery presumably being due in part to penetration of the sucrose into the plasmodium. The different effects of the sugars tested in the present study could hence be due to different rates of permeation by the sugar, those penetrating less rapidly having a greater influence on migration.
We conclude, therefore, that sugars can depress migration in two ways; through an osmotic effect, and, if they are metabolizable and promote growth, through some unknown mechanism.
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